The EtOH extract of Abrus schimperi (Fabaceae), collected in Kenya, demonstrated significant activity against Leishmania donovani promastigotes with IC 50 value of 3.6 µg/mL. Bioassay-guided fractionation of CHCl 3 fraction using Centrifugal Preparative TLC afforded two antiparasitic isoflavanquinones, namely amorphaquinone (1) and pendulone (2). They displayed IC 50 values of 0.63 µg/mL and 0.43 µg/mL, respectively, against L. donovani promastigotes. Both the compounds were also evaluated against L. donovani axenic amastigotes and amastigotes in THP1 macrophage cultures. In addition, compounds 1 and 2 showed antiplasmodial activity against Plasmodium falciparum D6 and W2 strains, while 2 displayed antibacterial activity against Staphylococcus aureus and methicillin-resistant S. aureus (each IC 50 1.44 µg/mL). The 1 H and 13 C data of 1, not fully assigned previously, were unambiguously assigned using 1D and 2D NMR HMBC and HMQC experiments. In addition, the absolute stereochemistry of the isolated compounds 1 and 2 was revised as C-(3S) based on Circular Dichroism experiments. This appears to be the first report of amorphaquinone (1) and pendulone (2) from the genus Abrus.
Leishmaniasis is an important tropical vector-borne disease affecting many developing and least developed countries. It is the cause of considerable mortality throughout the world. Visceral leishmaniasis, caused by Leishmania donovani, is the most severe form of Leishmania infections. The overall prevalence of visceral leishmaniasis is approximately 12 million people, and the population at risk is about 350 million [1] . However, the current treatment regimens for this parasite are limited and are not ideal, as they are often associated with severe side effects. For example, amphotericin B and pentamidine, both second-line drugs, results in high toxicity at the effective therapeutic doses, hence the search for new, safe and easy to administer drugs remains a top priority.
The genus Abrus belongs to pantropical plants of the legume family Fabaceae and the only genus found in the Tribe Abreae. It contains 17 species, found in tropical parts of Africa, Asia, and the Middle East [2, 3] . Plants belonging to this genus are well known as traditional remedies in African folk medicine [4, 5] and are used to treat a wide variety of conditions such as bacterial and fungal infection, leucoderma, itching, skin diseases, wounds, fevers and asthma [6] .
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- †
Dedicated to Late John P. Hester who died December 11, 2010.
Abrus schimperi Hochst. Ex Baker (Family: Fabaceae) is a large woody shrub occurring in Eastern Africa, including Kenya. Traditionally, root decoction of this plant is used to cure pneumonia [7] . This plant had not been subjected to previous phytochemical or biological investigations. However, several isoflavanquinones, flavonoids, alkaloids and triterpenoids were reported from another species of this genus, namely A. precatorius [8, 9] .
In our search for antiparasitic compounds from natural resources, we found that the ethanolic extract of the leaves of A. schimperi displayed significant activity (IC 50 3.6 µg/mL) against L. donovani promastigotes, hence this plant was investigated further. In this paper we report the isolation, structural assignments and determination of C-3(S)-absolute configuration using Circular Dichroism spectra of amorphaquinone (1) and pendulone (2) , as well as their antileishmanial, antiplasmodial, antimicrobial and cytotoxic activities. C NMR spectral data of 1 was reported previously for amorphaquinone with partial proton and carbon NMR assignments [10] , while the 1 H and 13 C NMR spectral data of 2 completely matched with those reported previously for 7-hydroxy-3´,4´-dimethoxyisoflavan-2´,5´-quinone [11] , also known as pendulone [12] . Therefore, a complete assignment of NMR data for the compound 1 was carried out using 2D NMR HMBC and HMQC experiments (Table 1) . These experiments have now allowed us to assign unambiguously all signals, including quaternary carbons, methoxyl and carbonyl groups for compound 1 and 2. The preferred conformation of the dihydropyran ring of the isoflavans is known as a "half-chair". However, both conformations where p-benzoquinone moiety is flipping from equatorial to axial positions are having close total energy values due to absence of 1,3-diaxial interactions. The observed vicinal coupling constants J 2,3 = 4 and 8 Hz, and J 3,4 = 8 Hz are consistent with the values expected from a conformational equilibrium with a dominant axial 3-quinonyl substituent [13, 14] . [16] ), respectively. On the other hand, the Circular Dichroism (CD) spectra of pendulone with C-(3R) absolute configuration was not in agreement with those recorded for 2 [11, 17] . Therefore, this discrepancy and availability of compounds 1 and 2 offered the opportunity to assess and report the complete CD data to define their absolute stereochemistry ( Figure  2 ). Both the compounds exhibited two high amplitude positive Cotton Effects (CEs) in the 300-360 nm and 400-450 nm regions, and a high amplitude negative CE in 450-550 nm regions. However, (3R) absolute configuration of pendulone [17] was based on a correlation of a single positive CE in 270-300 nm region with those for (3R)-astragaluquinon [18] . At the same time, C-(3R) absolute configuration of astragaluquinon [18] was assigned based on correlation between its CD spectrum and ORD spectra of (3S)-and (3R)-mucroquinone [13, 19] . Caution must be exercised in the direct comparison of the CD and Optical Rotatory Dispersion (ORD) curves due to empirical relationship between them (related by a Kronig-Kramers transformation) [20] . It means that, assignments of absolute stereoconfiguration based simply on similarity of CD and ORD spectra are not valid. Only complex analysis of the ORD curve shape can provide the information sufficient for correlation with CD curve, which was not followed in the published reports [11, 17, 18] .
The empirical use of ORD or CD to compare absolute configurations of isoflavans substituted with different chromophores like aromatic and p-benzoquinone moiety is ambiguous. Thus, UV absorption of benzene chromophore at 220-320 nm is associated with * transition [21] , hence, the CE(s) in this region is used for the determination of the absolute stereochemistry. The UV assignments for p-benzoquinone chromophore were depicted as follows: 240 nm associated with * transition, 295 nm and 450 nm assigned to n* transitions [22] . So, in case of p-benzoquinone chromophore the CEs within much wider range 220-550 nm have to be investigated for the determination of the absolute stereochemistry. There is confusion about this point in the literature -conclusions for 3-(p-benzoquinonyl)isoflavans are made based on the investigation of limited region 220-320 nm which is intended for use of 3-arylisoflavans, i.e. associated with * transition. A typical CD spectrum of (3S)-arylisoflavan possesses a negative CE at 220-260 nm region and a positive CE at 260-320 nm region [23] which doesn't correlate with the single positive CE at ca. 260 nm for (3R)-(p-benzoquinonyl)isoflavans [19] . Literature analysis and transformation of ORD curves for C-(3S)-isoflavanquinones (i.e., 7,4´-dimethoxyisoflavan-2´,5´-quinone [13, 14] and mucroquinone [24] ) shows a negative CE at ca. 460 nm and a positive CE at ca. 350 nm. On the other hand, ORD curves of C-(3R)isoflavanquinones (i.e., claussequinone and mucroquinone [19] ) reveal a positive CE at ca. 460 nm and a negative CE at ca. 350 nm. Our recorded CD data clearly match with C-(3S) series assuming (3S) absolute stereochemistry of compounds 1 and 2.
The antiplasmodial, antileishmanial, antifungal, antibacterial and cytotoxic activities of compounds 1 and 2 are summarized in Tables 2-5 . Compounds 1 and 2 demonstrated potent antileishmanial activities with IC 50 values of 0.63 and 0.43 μg/mL, respectively, against L. donovani promastigotes, compared to those observed for the standard drug, pentamidine (IC 50 1.0 μg/mL). Both the compounds 1 and 2 were also evaluated against L. donovani axenic amastigotes (IC 50 2.5 and 1 μg/mL, respectively) and amastigotes in THP1 macrophage cultures (Table 3 ) [25] . With regard to cytotoxicity, both 1 and 2 showed no cytotoxic activity when tested up to 4.5 μg/mL against monkey kidney fibroblasts (VERO). However, they showed cytotoxicity with IC 50 of 15 and 13 μg/mL, respectively, against transformed THP1 cells. On the other hand, the antiplasmodial activities of compounds 1 and 2 were found to be weak, with IC 50 values of 1.7-3.0 μg/mL, when compared with the standard chloroquine (IC 50 0.02-0.15 μg/mL).
Moderate antibacterial activities were also displayed by 2, showing IC 50 /MIC values of 1.44/ 2.5 μg/mL against S. aureus and methicillin-resistant S. aureus, as compared with IC 50 /MIC 0.13/ 0.50 μg/mL of the standard ciprofloxacin. Compounds 2, on the other hand, showed weak antibacterial activity against these organisms.
Compounds 1 and 2 were further tested for cytotoxic evaluation and anticancer activity to see if they have any potential activity against cancer cell lines in comparison to noncancer cells. Both compounds exhibited moderate anticancer activity against human cancer cell lines (SK-MEL, KB, BT-549 and SK-OV-3) with IC 50 values of 5.5 and 14.5 μg/mL. They were also tested against monkey kidney fibroblasts (VERO) and pig kidney epithelial cells (LLC-PK 11 ) and moderate cytotoxicities were observed for these cell lines as well (Table 5 ).
This appears to be the first report of compounds 1 and 2 from the genus Abrus, as well as the first report of their C-(3S) absolute configurations. However, compound 1 was previously isolated from Amorpha fruticosa, and 2 from Colutea istria, Millettia pendula, Oxytropis falcata and Wistaria brachybotrys [10, 1112, 15] . Takahashi et al. [12] reported previously the antileishmanial activity of claussequinone, millettilone A and pendulone against Leishmania promastigotes, however to our knowledge, this is the first report of antileishmanial and antiplasmodial activity of compound 1.
Experimental
General: Optical rotations were measured in CH 3 OH using an AUTOPOL IV instrument at ambient temperature. UV spectra were obtained in CH 3 OH using a Hewlett-Packard 8453 spectrophotometer. Circular dichroism (CD) spectra were recorded in MeOH using an Olis DCM 20 CD spectrometer at ambient temperature. IR spectra were obtained using a Bruker 
Extraction and isolation:
The dried powdered leaves (430 g) were extracted by percolation with 96% EtOH (1 L x 3) and the combined extracts were concentrated to dryness. The dried crude extract (12 g) was re-extracted with CHCl 3 (200 mL) and filtered. The CHCl 3 fraction (6.3 g) was subjected to bioassay-guided fractionation using CPTLC (Chromatotron, 8 mm silica rotor) with n-hexane-EtOAc (96:4), followed by CHCl 3 -MeOH (99.5:0.5), which yielded twenty fractions. Based on antileishmanial activity (Table 2) , fractions #13 and #16 were further purified separately using CPTLC over 2 mm silica gel rotors with CHCl 3 -MeOH as solvent to afford amorphaquinone (1, reddish powder, 52 mg) and pendulone (2, reddish powder, 132 mg), respectively. Antileishmanial assay: The in vitro antileismanial assay was done on a culture of L. donovani promastigotes by Alamar Blue assay [26] . In a 96 well microplate the samples with appropriate dilution were added to the leishmania promastigotes culture (2x10 6 cell/mL) to get the final concentrations of 80 µg/mL. The plates were incubated at 26°C for 72 hours and growth was determined.
In vitro macrophage amastigote assay: In this assay, the THP1 cells (Human acute monocytic leukemia cell line) were maintained in RPMI1640 medium supplemented with 10% fetal bovine serum (FBS). The cells were prepared prior to each assay and suspended in RPMI1640 medium with 10% FBS at the cell density of 2.5X10 5 cells/mL, and the assay was performed using a 96 well microplate, using previously described method developed in our laboratory [25] . Each compound was tested in duplicates at six concentrations, IC 50 and IC 90 values were computed from the dose response curves.
Antiplasmodial assay:
The in vitro antiplasmodial activity, as described previously [27] , was measured by a colorimetric assay that determines the parasitic lactate 
